Rising food prices and the associated political upheavals have rekindled interest in international cooperation on food security in particular and economic development in general. This paper argues that efforts to promote food security in sub-Saharan Africa need take into account three key issues:
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Introduction 1
It is often stated that sub-Saharan Africa continues to suffer from food insecurity because it was bypassed by the 'Green Revolution'.
2 It is concluded from such statements that an African Green Revolution is needed to help enhance Africa's food security. While some elements of the Green Revolution are essential for addressing Africa's agricultural challenges, food security is not a function of agricultural production alone (InterAcademy Council, 2004) .
3 'Food security' is a term that covers critical attributes of food such as sufficiency, reliability, quality, safety, timeliness and other aspects of food necessary for healthy and thriving populations. It is therefore intricately linked to economic health (Brown, 2005, p.5) . 4 This paper outlines the critical linkages between food security, agricultural development and economic growth and explains why Africa has lagged behind the agriculture of other countries. It argues that improving Africa's agricultural performance will require deliberate policy efforts to improve higher technical education, especially in universities, and bring it to the service of agriculture and the economy. It concludes by providing a set of options for strengthening agricultural cooperation between Africa and industrialised countries.
Food security, agriculture and economy
Food security in Africa has worsened since the early 1970s. Food availability has failed to keep up with the growing population, as reflected in the rise of the absolute number of undernourished people. Between 1990 Between -1992 Between and 2001 Between -2003 , the number of undernourished people in Africa rose from 169 million to 206 million. Of the 39 countries for which data were available, only 15 reported reductions in the number of undernourished people (FAO, 2006, p.23) . 5 The situation is projected to worsen if current policies continue. These trends could be reversed through a variety of measures addressing rural development in general and agriculture in particular , pp.74-85). 6 Agriculture is central to African economies, making up 30-50% of national income, employing nearly 60% of the population and generating about 40% of its foreign exchange earnings. But policymakers often treat agriculture as a separate sector with little regard to its relationship with the rest of the economy , pp.1681 -1694 . 7 A more realistic view is to treat economies as integrated 'systems of innovation' where new actors and institutions constantly are being created, changed, and adapted to suit the dynamics of scientific and technological creation. Government, the private sector, institutions of higher learning such as universities, and civil society organisations are important parts of a larger system of knowledge and interactions that Author: Please check if all the highlighted reference citations are ok.
allows diverse actors to come together to pursue broad common goals, including agricultural innovation.
In many African countries, the state still plays a key role in undertaking productive activities. But the private sector is increasingly becoming an important player in adapting existing knowledge and applying it to new areas. This in turn is changing the role of the government, making it largely a facilitator of economic change. Democratic change and elections have helped to bring to power new leaders who are pressing for improvements in public sector performance. They are often at odds with their own bureaucracies that are still steeped in old practices.
Africa's food security can only be guaranteed through long-term economic growth, not by emergency interventions alone. This shift in policy will entail placing emphasis on renewing infrastructure, building human capabilities, stimulating business development, and increasing participation in the global economy through export of manufactured goods. These areas that constitute what can be called 'the learning economy' should be the foundation upon which to base international development partnerships.
This view is already informing the reformulation of Africa's foreign policy. African countries are increasingly paying attention to the role of science and innovation in diplomatic interactions and are already starting to assign technology-related tasks to their key missions to industrialised countries. Others are revising their foreign policies to make economic cooperation a centre piece of their diplomatic interactions. Part of Africa's growing cooperation with China, for example, is influenced by the higher technical education opportunities granted to African students. In 2006, China admitted nearly 2000 African students, mostly in science and engineering. The number of African students admitted to Chinese university will double by 2009 and the long-term diplomatic benefits of such arrangements are immeasurable.
This approach is justified by the historical evidence from other developing countries. The main explanation for the success of the industrialised countries was their ability to learn how to improve performance in a diversity of social, economic and political fields: their focus on practical knowledge and the associated improvements in skills needed to solve problems. At least three key factors contributed to their rapid economic transformation. First, governments invested significantly in basic infrastructure and more efficiently providing infrastructure services . 8 Secondly, they created and nurtured the development of Small and Medium-sized Enterprises (SMEs) through a network of incentives and support systems , pp.100-118). 9 And thirdly, governments supported, funded and promoted institutions of higher technical learning, as well as academies of engineering and technological sciences, professional engineering and technological associations, and industrial and trade associations . 10 These are discussed below. Africa's economic growth will likely follow the same path.
Basic infrastructure
Infrastructure is defined as the facilities, structures and associated equipment and services that facilitate the flow of goods and services among individuals, firms and governments. Conventional infrastructure includes: public utilities, such as power, telecommunications, water supply, sanitation and sewerage, and waste disposal; public works, such as irrigation systems, schools, housing and hospitals; the transport sectors such as roads, railways, ports, waterways and airports; and research facilities, such as laboratories and related equipment.
Poor infrastructure in Africa is a critical barrier to economic growth and improvement of human welfare in general and agricultural improvement in particular , p.1267). 11 In Uganda, for example, transport costs add the equivalent of an 80% tax on clothing exports. Transport costs directly contribute to food crises by hindering the shipment of food between regions. Infrastructure is also critical in investment decisions. Farmers will not plant crops if there is no way to get them to market. Agribusinesses will not invest if there is no cost-effective way to transport produce to markets. More broadly, infrastructure is essential for the delivery of health and education services, creation of employment and dissemination of knowledge.
Telecommunications infrastructure is an area of particular concern for Africa. Investments in basic telecommunications infrastructure have allowed the rapid diffusion of information technology in recent years: for example, rates of cellular telephone and internet usage are exploding among people of all income levels. Electronic information systems, which rely on this infrastructure, now account for a substantial proportion of production and distribution activities in the secondary and tertiary sectors of the economy. But investment could be still larger, and high telecommunications costs are at present a substantial drag on economic growth. High costs have also hindered education, training, and the use of advances in fields such as geographical information sciences in sustainable development.
One of the main challenges in African higher education is the isolation of campuses and training facilities. University textbooks are often decades out of date and students have little access to more recent information: road travel is difficult and slow, air travel expensive; and internet connections are prohibitively expensive. It is not possible to spread information about available agricultural practices when it can cost a day's wages for an African student to log on at an internet café to download a paper or brochure. Most students have no internet access at all through their universities. African universities of the size of the University of California Berkeley or the University of Texas at Austin have the internet capability of a single US household. 12 They do not buy more capacity because even this limited connection can cost up to $15,000 per month. 13 A digitally-isolated Africa cannot effectively educate its students or provide adequate post-graduate training.
In much of Africa, communications prices are far higher than the cost of infrastructure warrants. Africa (other than South Africa) is currently linked to the developed world by a single fibre-optic cable down the West Africa coast. It is the most digitally-isolated region on the globe. Even so, that single cable is still underutilised. That cable is operated as a monopoly, and the owners (a consortium of Africa and foreign, including US companies) have set bandwidth prices so high that most users connect via satellite instead. Bandwidth in much of Africa is sold for prices 40-100 times higher than in the USA although operating expenses are not significantly different. Monopoly firms have adopted a "high cost, low volume" business strategy. The vast majority of potential internet usage is cut off and usage is restricted to those who can afford stratospheric rates. Paradoxically, this makes free information a very expensive resource. The curbing of the monopolies in Africa is a necessary step in its economic development.
Energy is another area that stalls Africa's agricultural development and economic growth. The continent has abundant new and renewable energy resources -hydropower, geothermal, biomass, solar, and in some countries, wind potential. Africa accounts for only about 5% of world primary energy demand and this is unevenly distributed. Only about 36% of the population has access to electricity and most of this is in urban areas. Nearly 80% of the continent's rural population has no access to electricity. The majority of these people rely on traditional biomass such as wood and agricultural residues as their main energy source with far-reaching ecological implications.
Much of the discussion about Africa's energy situation focuses on trends in supply and demand and their environmental implications. What is often ignored is the importance of technological innovation associated with energy use which can be a springboard for technology used to tackle wider conservation challenges. Discussions should be placed in the context of using technological innovation to boost the transition to sustainability.
Geothermal energy is a good example. Using existing technology, Eastern Africa (Djibouti, Eritrea, Ethiopia, Kenya, Tanzania, Uganda, and Zambia) has the potential to generate over 2500 MW of electricity from geothermal energy (out of the current global output of 8100 MW). Geothermal energy production involves building capacity in a wide range of fields including ecology, chemistry, geology, engineering and electronics. The expertise needed is similar to that needed for natural resource management. Building geothermal energy capacity can therefore go hand in hand with efforts to meet longer term sustainable development as well as sustainable energy targets. Many have invoked the need for a Marshall Plan for Africa. An even more appropriate metaphor is President Franklin D. Roosevelt's New Deal that focused on providing low-cost infrastructure services. African universities need a telecommunications New Deal now just like farmers need one on low-cost energy and roads.
Small and medium-sized enterprises
The development of SMEs has been an integral part of the development of all industrialised economies. This holds true in Africa. Building these enterprises requires development of pools of capital for investment, of local operational, repair and maintenance expertise, and of a regulatory environment that allows small business to flourish. Africa must review its incentive structures to promote these objectives, and the international community must promote investment in African businesses ). 14 A range of policy measures are needed to create and sustain enterprises -from taxation regimes and market-based instruments to consumption policies and changes in the national system of innovation. Policy-makers also need to ensure that educational systems provide adequate technical training. They need to support agribusiness and technology incubators, export processing zones and production networks as well as sharpening the associated skills through agribusiness education. The USA can help in all these avenues.
Banks and financial institutions also play key roles in fostering technological innovation and supporting investment in homegrown domestic businesses. Unfortunately, their record in promoting technological innovation in Africa has been poor. Capital markets have played a critical role in creating SMEs in other developed countries. Venture capitalists not only bring money to the table, they also help groom small and medium-sized start-ups into successful enterprises. Venture capital in Africa, however, barely exists outside of South Africa and needs to be introduced and nurtured.
Institutions of higher technical learning
Industrialised countries have supported, funded and promoted institutions of higher technical learning, as well as academies of engineering and technology, professional engineering and technological associations, and industrial and trade associations. Higher technical education is increasingly (and belatedly) being recognised as critical for development (African Union, 2007) . 15 While primary education has been the focus of the donor community for decades, secondary and higher education and research are now beginning to gain policy attention.
Primary education is not unimportant: economic and educational data suggest near-universal primary education is necessary for economic development, it is not sufficient: countries with high primary enrolments can still be quite poor. National per capita income is instead remarkably well correlated with enrolment rates in higher education. Africa has both the lowest income and the lowest mean university enrolment in the world. No rich country other than Switzerland has university enrolment below 50%. Mean enrolments in Africa are close to 5%. For Africa to advance, this must change.
The urgency of investing in higher technical education is compounded by several factors. Increased primary and secondary enrolments have created a generation of students eager for university training but barred from it by the lack of facilities. The impact of HIV/AIDS and other infectious diseases has also struck hard at Africa's university graduates, affecting Africa's economic growth in general and agricultural development in particular Misselhorn, 2005) . 16 Finally expansion of women's access to higher technical education is also important, not only for equality and social justice but for the practical purpose of changing social attitudes and preparing the next generation to adapt to changing world conditions . 17 But if universities are already oversubscribed and overcrowded, adding more female students cannot happen without investment in building additional facilities.
In the industrialised world, research and higher education are a valuable resource for business, industry, and society. Higher education and research institutions are integrated into the production sector and into society in many ways. They conduct Research and Development (R&D) for industry; create their own spin-off firms; are involved in capital formation projects, such as technology parks and agribusiness incubator facilities; introduce entrepreneurial training; and encourage students to transform research into enterprises. African universities should follow suit and play their role.
Most African countries already possess the key institutional components they need to become players in the knowledge economy. But the separation between government, industry and academia is a source of inertia and waste in Africa's knowledge-based institutions . 18 Africa's economic growth depends on bringing these together to increase the production of university graduates, give students training that meets the needs of the modern business world, and provide capital to help university graduates generate businesses and jobs.
Lagging behind
Interest in Africa's future is rising among donors and governments. This trend coincides with a new awakening of interest within international development agencies in the role of technological innovation in economic growth. But the two ideas have not been connected. Much of the discussion on Africa's development focuses on improving the lives of subsistence farmers. It only marginally addresses the need to harness the world's existing fund of knowledge for long-term development. Any long-term strategy for Africa must include assistance to its universities.
To function effectively as engines of development, universities and other institutions of higher learning in Africa must adapt and change, forging closer links with the private sector, training graduates for professional careers, and diffusing knowledge into the economy. In other words, they will need to become 'developmental universities', working directly within the communities in which they are located. The USA, with its long tradition of entrepreneurial private universities and applied land-grant ones, can help with this transformation.
Hobbled talents
The main role of the original generation of African universities was to create civil servants. Unfortunately, this classical model has become the template within which new universities are created, even though social and economic needs have changed radically. The continent needs a new generation of universities that can serve as engines of both community development and social renewal.
The task ahead requires deliberate efforts by governments, academia, agribusiness and civil society to reorganise and redirect higher education and reorient it to serve all the African people. To achieve this, a qualitative change in the goals, functions and structure of the university is needed. As part of this process, fundamental reforms will be needed in curriculum design, teaching, location, selection of students and the management of universities. Laws governing higher education and universities will need to be overhauled and parliaments will need to play a bigger role in this regard. Courage and leadership will be essential because of the political nature of such reforms.
Curriculum reform is needed to create an adaptive generation of professionals. 19 South Africa's Stellenbosch University offers a shining example of how to adjust curricula to the needs of R&D organisations. It was the first university in the world to design and launch an advanced micro-satellite as part of its training. The aim for the program was to build competence in new technologies in the fields of remote sensing, spacecraft control and earth sciences and to offer other services such as mailbox, speech and data relay experiments to the community. In Uganda, Makerere University has developed new teaching approaches that allow students to solve public health problems in their communities as part of their training. Similar approaches should be adopted by students in other technical fields such as infrastructure development and maintenance. Many of these examples are the result of isolated initiatives. The challenge is to move away from relying on luck and tenacity, and to create an environment that helps to realise the developmental role of universities. This must start with government policy. Little will happen unless governments realise the strategic role that universities can play in harnessing the world's fund of scientific and technological knowledge for development. It also, however, requires an infusion of funds and knowledge. International donor agencies in past years have supported the trend of cutting funding for African universities. Though this misguided attitude is changing, most of them are still reluctant to support alternative university models and they support is helping to entrench outmoded practices. They are doing Africa and themselves a disservice.
Slashed budgets
International donors started to cut back on international agricultural assistance in the 1980s. In 1980, the USA was a leading international advocate for agricultural development assistance, with nearly 25% of Official Development Assistance (ODA) going to this sector. A decade later the share had fallen to about six per cent of the total. By 2003, it stood at one per cent. Although this drop occurred at a time when overall US foreign assistance was rising in constant dollar terms, the net effect is still a dramatic decrease: between 1980 and 2003 total bilateral ODA increased by 69%, but agricultural aid dropped by 98%.
The cutting of agricultural development assistance in the US Agency for International Development (USAID) has been so thorough that the term 'agriculture' is hardly used. The agency still has an agriculture office, but its total budget had dropped to just $27 million. The total US development assistance to agriculture from all USAID offices stood at a mere $169 million in 2007, or 1% of the total ODA. This has significantly undercut the capacity of the USA to be a serious diplomatic player in Africa where agriculture still remains a core economic activity.
Africa has lagged behind other regions of the world in agricultural development for two main reasons. First, its institutions of higher learning hardly played their role as promoters of agricultural innovation. They focused on producing functionaries for the civil service. Second, reductions in foreign agricultural assistance undermined the local research efforts as well as international university partnership. The challenge now is to forge a new partnership between the USA, other industrialised countries and Africa that will bring new financial resources to enable their universities to team up with their African counterparts.
Building capabilities for innovation
The role of universities as vehicles of community development is exemplified by the US land-grant system, which led to the founding of 106 universities, including Colorado State, Rutgers, Texas A&M, and the entire University of California system ). 20 The system not only played a key role in transforming rural America, but also offered the world a new model for bringing knowledge to support development. While the model largely is associated with agriculture, its adaptation to industry also occurred. Universities such as the Massachusetts Institute of Technology (MIT) and parts of Stanford University owe their heritage to the land grant system . 21 The drift of the land grant model into other sectors is not limited to the USA. Their central mission of bringing higher education to stimulate community development is practiced around the world in a variety of forms. African countries must look critically at these variants and adapt them to their conditions. These institutional adaptations are often faced with opposition from advocates of incumbent university models. Arguments against the model tend to focus on the claim that universities that devote their time to practical work are not academic enough. As a result a hierarchy exists that places such institutions either off or at the lower end of the academic ladder.
The USA has played a key role in promoting agricultural development around the world. Its role in championing the Green Revolution is well-known. Less known, but probably more important for Africa, is its support to countries seeking to adapt the land-grant model to local conditions so that higher education can help to contribute to human welfare. The case of EARTH University in Costa Rica illustrates the importance of focusing on institutional innovation as a way to bring higher technical education to bear on economic development in general and agriculture in particular . 22 Similar institutions or curricula could be introduced in Africa.
Supporting innovation in university education
EARTH University emerged in a context that mirrors today's Africa: economic stagnation, high unemployment, ecological decay, armed conflict. Inspired by the need for new attitudes and paradigms, EARTH University was created in 1990 as a non-profit, private, international university dedicated to sustainable agricultural education in the tropics. It was launched as a joint effort between the private and public sectors in the USA and Costa Rica. The WK Kellogg Foundation provided the original grant for a feasibility study at the request by a group of Costa Rican visionaries. Based on the study, USAID provided the initial funding for the institution. The original mission of the university was to train leaders with ethical values to contribute to the sustainable development of the humid tropics and to build a prosperous and just society. Through its academic, research and outreach programs, the university offers innovative solutions for improving the quality of life of the inhabitants of the humid tropics.
Located in the Atlantic lowlands of Costa Rica, EARTH University admits about 110 students a year and has a total student population of about 400 from 24 countries (mainly in Latin America and the Caribbean) and faculty from 22 countries. Through its endowment, the university provides all students with 50% of the cost of tuition, room and board. In addition, the university provides scholarships to promising young people of limited resources from remote and marginalised regions. Nearly 80% of the students receive full or partial scholarship support. All students live on campus for four intensive years.
EARTH University has developed an innovative, learner-centred and experiential academic program. Its educational process stresses the development of attitudes necessary for graduates to become effective agents of change. They learn to lead, identify with the community, care for the environment and be entrepreneurial. They are committed to life-long learning. There are four activities in particular within the curriculum that embodies EARTH University's experiential approach to learning.
Learning from work experience and community service
The first is the Work Experience activity, which is taken by all first, second, and third year students and continues in the fourth year as the Professional Experience course. In the first and second years, students work in crop, animal and forestry production modules on EARTH University's 3300-hectare farm. In the first year, the work is largely a routine activity and the experience centres on the acquisition of basic skills, work habits and general knowledge and familiarity with production. In the second year, the focus changes to management strategies for these same activities.
Work Experience is later replaced with Professional Experience. In this course students identify work sites or activities on campus, which correspond with their career goals. The student is responsible for contacting the supervisors of the campus operations, requesting an interview, and soliciting 'employment'. Upon agreement, they develop a joint work plan which the student implements, dedicating a minimum of ten hours per week to the 'job'.
The second activity is an extension of the Work Experience course. Here third-year students work on an individual basis with small, local producers on their farms. They also come together in small groups under the Community Outreach program that is integral to the learning system. Community outreach is used to develop critical professional skills in students, while at the same time helping to improve the quality of life in nearby rural communities.
The third year internship program exemplifies the emphasis on experiential learning. The 15-week internship is required for all students in the third trimester of their third year of study. It is an opportunity for them to put into practice all they have learned during their first three years of study. For many of them it is also a chance to make connections that may lead to employment after graduation. The international character of the institution allows many students the opportunity to follow their interests, even when they lead to internship destinations other than in their home country.
Sharpening entrepreneurial skills
The fourth activity is the Entrepreneurial Projects Program. EARTH University's program promotes the participation of its graduates in the private sector as a critical means by which the institution can achieve its mission of contributing to the sustainable development of the tropics. The development of SMEs is a powerful way to create new employment and improve income distribution in rural communities. For this reason, the university stresses the development of an entrepreneurial spirit and skills. Courses in business administration and economics combined with practical experience prepare the students to engage in business ventures upon graduation.
This course provides students the opportunity to develop a business venture from beginning to end during their first three years at EARTH University. Small groups of 4-6 students from different countries decide on a relevant business activity. They conduct feasibility studies (including financial, social and environmental criteria), borrow money from the university and implement the venture. This includes marketing and selling the final product. After repaying their loan, with interest, the group shares the profits.
This entrepreneurial focus has permeated all aspects of the university's operations and prepared students to become job creators and agents of change rather than job seekers. About 17% of its 1100 graduates run their own businesses. The university manages its own profitable agribusiness, which has resulted in strong relationships with the private sector.
When the university acquired its campus, it decided to continue operating the commercial banana farm located on the property. Upon taking over the farm, the university implemented a series of measures designed to promote more environmentally-sound and socially-responsible production approaches.
Going global
EARTH University has internationalised its operations. It signed an agreement with US-based Whole Foods Market as the sole distributor of bananas in their stores. The university sells nearly 600,000 boxes of bananas a year to Whole Foods Market, as well as mangoes and (through an alliance with a small farmers' cooperative) pineapples. This helps to generate new income for the university and for small farmers while providing an invaluable educational opportunity for the students and faculty. In addition to internships, students have access to Whole Foods Market's venture capital upon graduation. The university uses part of the income to fund sustainable and organic banana and pineapple production research.
The university has USA supporters who raise additional funds through a private foundation. In June 2004 the family of the former Costa Rican President Daniel Oduber donated the La Flor farm to the university to be used to develop techniques to improve the quality of life in the Guanacaste area and the dry tropics of Latin America. EARTH University hopes to achieve its mission at La Flor by establishing world-class research and training that promotes entrepreneurship and contributes to the sustainable development of the tropics. As part of this effort, La Flor will host a Technological Centre, a Green Conference Centre, an Exhibition Centre and a housing complex with the aim of contributing directly to the economic transformation of the region and Costa Rica.
Over the years the university has worked closely with African institutions and leaders to share its experiences. Following nearly seven years of study through workshops, discussions, training courses and site visits African participants agreed to the importance of reforms in their own university systems, especially through the creation of new universities along the lines of the EARTH model. This was undertaken through a series of workshops on Sustainability, Education and the Management of Change in the Tropics (SEMICT) funded by the WK Kellogg Foundation and the Norwegian Agency for Development Cooperation (NORAD). The lessons learned during the process provide fertile ground upon which new institutional ideas could grow.
The case of EARTH University is one of many examples around the world involving major collaborative efforts between the USA and developing countries to bring scientific and technical knowledge to improve welfare through institutional innovations. Such experiences, and those of US land-grant universities, offer a rich fund of knowledge than should be harnessed for Africa's agricultural development and economic growth.
Plowing new ground

Facilitating regional economic integration
African countries have adopted numerous regional cooperation and integration arrangements, many of which are purely ornamental. The continent has more than 20 regional agreements that seek to promote cooperation and economic integration at sub-regional and continental levels. Of these, the African Union (AU) formally recognises eight Regional Economic Communities (RECs). 23 These RECs represent a new economic governance system for Africa and should be strengthened.
While it is prudent for Africa to emphasise international trade, doing so requires greater investment in developing capabilities to trade, including technological innovation, development of business and human resources, and institutional strengthening. Regional integration is a better initial approach. Regional integration offers larger markets (which also stimulate technological innovation), economies of scale, and the diffusion of technical skills arising from infrastructure development . 24 Another argument for African regional integration is the importance of engineering in sustainable development. Individual African economies are small and poorly endowed with the human, physical, and financial resources necessary to develop and harness engineering capabilities. The cost of building science and technology infrastructure often appears to be an overwhelming task for national economies, especially in smaller and poorer states. Pooled on a regional scale, however, resources and expertise may be sufficient.
Cooperation in engineering can take various forms, including joint projects, information sharing, conferences, building and sharing joint laboratories, setting common standards for R&D, and exchange of expertise. Furthermore, the sheer magnitude of the necessary infrastructure development actually requires regional cooperation in project design and implementation to not only reduce costs but also facilitate greater learning.
Some African countries, such as South Africa, are already endowed with robust science and technology infrastructure, which could easily be utilised by less well-equipped countries. New regional initiatives will need to emphasise the use of science and innovation in their sustainable development strategies.
The Common Market for Eastern and Southern Africa (COMESA) illustrates the importance of regional integration in Africa's economic development and food security. The 19-member free trade area was launched in 2000 and accounts for nearly half of Africa's population. It has a combined GDP of $200 billion and is the largest and most vibrant free trade area in Africa. COMESA aims to improve economic integration and business growth by standardising customs procedures, reducing tariffs, encouraging investments and improving infrastructure. COMESA will launch its Customs Union on 31 December, 2008 and has initiated work on a Common Investment Area to facilitate cross-border and foreign direct investment . 25 The strength of the RECs lies in their diversity. Their objectives range from cooperation among neighbouring states in narrow political and economic areas to the ambitious creation of political federations. They focus on improving efficiency, expanding the regional market, bolstering security and supporting the continent's integration into the global economy. Many of them are motivated by factors such as the small-size of the national economy, a landlocked position, or poor infrastructure. Those working on security, for example, can learn from the experiences of the Economic Community of West African States (ECOWAS), for example, a REC working on security, has considerable expertise on dealing with crises in countries such as Ivory Coast, Liberia and Sierra Leone. Nigeria has played a key role in providing regional leadership on this. Other RECs have more ambitions plans. The East African Community (EAC), for example, has developed a roadmap that includes the election of a federal president. Such institutions, though nascent, represent major innovations in Africa's economic and political governance and deserve the fullest support of industrialised countries.
Improving economic governance
Although Africa's economies are currently growing strongly, continuing these trends will require adjustments in the structure and functions of government to make them more entrepreneurial (Ebner, 2007) . 26 More fundamentally, science and innovation must be integrated at the highest possible levels in government. This change will be facilitated by creating science and innovation into policy analysis capacity in universities, scientific academies and government departments. Which in turn may have political benefits: good governance and good engineering are not so different, after all. Both involve working to achieve objectives guided by care, diligence, and data.
Bringing science and innovation to the centre of Africa's economic renewal will require more than just political commitment; it will take executive leadership. This challenge requires concept champions. In this case these will be heads of state that will spearhead the task of shaping their economic policies around science and innovation.
So far, most African countries have failed to develop national policies that demonstrate a sense of focus to help channel emerging technologies into solving developmental problems. They still rely on generic strategies dealing with 'poverty alleviation', without serious consideration of the sources of economic growth. There are signs of hope, however.
Political leaders must be kept informed about the role of science and innovation in development. Advice on science and innovation must be included routinely in policy-making . 27 An appropriate institutional framework must be created in order for this to happen. Many African cabinet structures are merely a continuation of the colonial model, structured to facilitate the control of local populations rather than to promote economic transformation.
Advisory structures differ across countries. In many countries, science advisers report to the president or prime minister, and national scientific and engineering academies provide political leaders with advice. Whatever structure is adopted, the advising function should have some statutory, legislative mandate to advise the highest levels of government. It should have its own operating budget and a budget for funding policy research. The adviser should have access to good and credible scientific or technical information from the government, national academies and international networks. The advisory processes should be accountable to the public and be able to gauge public opinion about science and innovation.
Successful implementation of science and innovation policy requires civil servants with the capacity for policy analysis-capacity that most current civil servants lack. Providing civil servants with adequate technical training is necessary for wise decision-making. Training diplomats and negotiators in science and innovation also can increase their ability to discuss technological issues in international forums.
Science and innovation diplomacy has become a critical aspect of international relations. Ministries of foreign affairs are increasingly promoting international technology cooperation and forging strategic alliances. To effectively carry out this mandate, foreign ministries need to strengthen their internal capability in science and innovation. To this end, they are creating offices dealing specifically with science and innovation, working in close cooperation with other relevant ministries, industry, academia and civil society.
Aligning higher education with human needs
To promote Africa's development and agricultural sustainability the missions of universities and other institutions of higher learning should be aligned with countries' needs. Africa's own experiences illustrate the important role universities can play if their goals are aligned with national policies. Take the case of Rwanda. Rwanda's genocide was one of the worst human tragedies of the post-World War II period and also destroyed much its physical infrastructure and skill base. To contribute to the reconstruction of the country, Rwanda converted the premises of its military academy into a base for a new technical university, the Kigali Institute of Science and Technology (KIST). The institution, created in 1997, has played a critical role in the reconstruction of the country and stands out as a role model for other countries emerging from civil wars and economic decay.
But most of Africa's universities do not play significant roles in helping to solve local problems. Much can be gained by adjusting the curricula, pedagogy and management of urban universities to address challenges such as sanitation and improvement of the conditions of slum dwellers. Similarly, universities and research institutions located in rural areas could serve as the locus for research, training and outreach on the management of natural resources.
Universities should work more closely with the private sector in the sustainable development activities. Promoting enterprise development, especially in the urban areas, is one of the most effective ways to stimulate economic growth. Similar efforts need to be adopted in rural areas. More specifically, institutions of higher learning and other mechanisms could serve as business incubators as well as sources of ideas and support for upgrading urban and rural economic activities.
Emphasis should be placed on bringing research, teaching and community outreach together. For example, medical schools should be more integrated into hospitals just as agricultural research stations should have a strong teaching role. Similarly, strong links between universities and the business community should be forged. This process may involve reforms in existing universities, creation of new ones or upgrading existing institutions. Equally critical would be to merge the functions of higher education and science and technology, which in many African countries fall under separate ministries.
There is a need to take stock of research and training facilities in Africa, especially those falling outside universities, and explore how they could be harnessed to supplement the contributions of existing universities. All government ministries are involved in one or another aspect of research and training and they hold the seed for populating the economic space with new species of higher learning institutions adapted to specific needs. But their growth is usually suppressed by custodians of the laws governing higher education as well as universities that fear competition from new entrants. Much of suppression of innovation in higher education is orchestrated under the guide of maintaining academic standards. Much of it is either resistance to change or political gymnastics to maintain control over moribund systems. Upgrading is the name of the new game.
Replacing outmoded curricula with new approaches that encourage creativity, enquiry and entrepreneurship should be a priority. These reforms should also include close cooperation with the private sector and the communities in which universities are located. In turn, government at all levels (central, regional and urban) should be at the forefront of creating space and opportunities for the contribution of universities to development.
Universities should enjoy greater autonomy so that they can adapt in a timely manner to a rapidly-changing world. One practical way of achieving all these reforms is to provide funding to support agricultural science and innovation cooperation between the industrialised and African countries. US universities already operate on a model that Africa could benefit from, and US researchers and engineers can serve as a model for professional training. Such fund would be consistent with the growing interest to place science and innovation at the centre of international development cooperation (National Research ; House of Commons Science and Technology Committee, 2004). 28 Finally, one specific and time-critical area for policy action by the USA is championing low-cost internet services for African universities (and for African consumers in general). License agreements on the overpriced monopoly-run SAT-3 optical fibre cable that links Africa to the developed world are currently being renegotiated, and the current crippling pricing structure can be changed. 29 Investors are also currently negotiating to build another cable down the coast of East Africa. Without international leadership and action to improve the conditions, the new cable may operate in the mode of SAT-3, hobbling entrepreneurs and leaving universities isolated. Pressure is needed to ensure access for all.
Even with the highest prices in the world, African internet usage is exploding. If prices were lowered, usage would increase significantly boosting education and economy both. No effective strategy for health, education, and development in Africa can neglect communications. Many African countries are now recognising that communications costs and bandwidth limitations are hindering their economic growth. The USA should work closely with African countries to ensure that access to the communications infrastructure, especially by educational institutions, is considered an essential infrastructure service and that this is reflected in access and pricing structures.
Collaborating on new technology missions
Capturing the wave of emerging technologies is an effective way to galvanise cooperation between African and industrialised countries. The USA, for example, has a long history of using its technological pre-eminence to bolster economic strength among its South East Asian allies. Efforts to promote the migration of the semi-conductor industry to South East Asian countries such as South Korea and Taiwan are an illustration of this . 30 Similarly, the Green Revolution was an act of science and innovation diplomacy . 31 Today, emerging fields of biological innovations (which include the application of living processes to economic activities in fields such as agriculture, health, industry and environment) represent new opportunities for cooperation between the USA and Africa . 32 But exploration of technology missions should not be limited to biological innovations. In addition to information and telecommunications technologies, there are extensive opportunities to collaborate in a wide range of infrastructure related fields such as energy and transportation as well as others. Biological innovations are therefore used here purely to illustrate emerging opportunities.
Cooperation in biological innovations can build on the High Level Panel on Modern Biotechnology of the AU and the New Partnership for Africa's Development (NEPAD) (Juma and Serageldin, 2007) . 33 Its report, Freedom to Innovate: Biotechnology in Africa's Development, proposes a 20-year African Biotechnology Strategy with specific regional technology goals to be implemented through the RECs and to develop and harmonise national and regional regulations that promote the application and safe use of modern biotechnology. The African Ministerial Council on Science and Technology (AMCOST) has already endorsed the proposal.
The panel's main recommendations include the need for individual countries in central, eastern, western, northern and southern Africa to work together at the regional level to scale up the development of biotechnology. It focuses on the key role of clusters of expertise, sharing knowledge, creative ideas, and personnel, and working on problems and projects collaboratively.
The report also recommends the need to: • outline priority areas in biotechnology that are of relevance to Africa's development
• identify critical capabilities needed for the development and safe use of biotechnology • craft appropriate regulatory measures to advance research, commercialisation, trade and consumer protection • offer strategies for creating and building regional and local biotechnology initiatives in Africa.
The report pays particular attention to the role human capabilities and institutional innovation. It calls for reforms in existing knowledge-based institutions, especially universities, to serve as centres of diffusion of new biotechnologies into the economy. It stresses the need to develop and expand national and regional human resources development strategies that include:
• biotechnology curricula that focus on specific areas and targets that offer high economic potential for the regions and the continent • a consortium of clearly identified and designated universities that develop and offer regional biotechnology training courses • a focus on female recruitment in the sciences and engineering.
Much of the biotechnology knowledge for Africa's development is currently available in Africa and other parts of the world. But Africa lacks appropriate institutions that can search, identify acquire and transform such knowledge in goods and services. This is a primary function of the modern African university (Bell and Juma, 2007) . 34 
Conclusion
Africa may not have benefited from the Green Revolution partly because its institutional arrangements were not in tune with what was possible in Africa. But changes in African governments, the explosive growth in scientific and technical knowledge, and the availability of inspirational institutional models now make, it possible for the USA and Africa to forge new partnerships.
Indeed, African countries are starting to redesign their economic policies with technological considerations in mind. Much of the new thinking has been inspired by the rapid diffusion of practical applications in the information and telecommunications technologies. Mobile phones, for example, have had discernible impacts on communication. Many countries are looking for equivalents of the mobile phone for other sectors such as energy, agriculture, industry and transportation. Many of them are starting to reflect these factors in their foreign policy.
Industrialised countries are in a better position than any other country to lead in forging partnerships with Africa designed to transfer skills and knowledge. Demand for higher education is exploding in Africa, and assistance by these countries would be greatly welcomed. Such an effort would serve the needs of both diplomacy and food security by providing funding for cooperation in agricultural science and in education and training in general, perhaps specifically to enable industrialised country universities to pair with African counterparts. Working together will allow industrialised country researchers and their African counterpart to adapt today's knowledge to African conditions and will effectively transfer skills. It will also expand cooperation with other universities around the world with relevant experiences. This is a historical opportunity that the industrialised countries and Africa cannot afford to miss, for the health of millions of people, for economic development, and for building a solid foundation for diplomatic relations.
